The concentration factors of 106Ru-106Rh and 137Cs for a marine bivalve and a alga were investigated. Furthermore, the transfer ratio ([cpm/g of organism] /[cpm/g of sediment]) of these nuclides from contaminated sediments to organisms was examined . Then the concent ration factors were compared with the transfer ratio to know the relative influence of sea water and sediments on the contamination of marine organisms . The obtained figures, we call the biological factor of the sediments (BFS), were 70 and 160 for red alga and bivalve on 137Cs, and 5400 and 2900 for them in case of 106Ru-106Rh, respectively . These figures were comparable to those for annelid worm, 40 on 137Cs and 1000 on 106Ru-106Rh.
INTRODUCTION
We have studied the contamination of marine organisms by radionuclides and the transfer of discharged radionuclides to human being via sea .`)
The position of marine sediment in the transfer of radionuclides in sea is little known up to the present time in spite of their large radionuclide accumulation ability.'-" Accordingly , we inves tigated the transfer of radionuclides from sediment to annelid worm (Nereis japonica) comparing with the concentration factor, and reported that sea water affect much more than sediment on the accumulation of 60Co, 9JZr-95Nb, 106Ru-1°6Rh, 115mCd and 137Cs .
In this article, furthermore, we investigated concentration factors, transfer ratios and ratios of concentration factor to transfer ratio (BFS) on 137Cs and 106Ru-106Rh for bivalve and red alga.
Then the values of BFS for bivalve and red alga were com pared with that for worm. In the strict sense, transfer of radionuclides from contaminated sediment to or ganisms takes place by the radionuclides first dissolving in sea water and then are transferred to the organisms but transfer from sediment to organisms is discussed for the object of this study.
MATERIALS AND METHODS

Radionuclides
studied were 106Ru-106Rh (nitrosylruthenium nitrato-complexes) and "'Cs (CsCI) and they are carrier -free.
Sea water was used after filtering with a filter paper (Toyo No. 5C). Measure ment of radioactivity of rearing sea water was performed by taking 2 ml in a poly ethylene test tube, and the radioactivities were expressed in cpm/ml. Bivalves (Gomphina melanaegis) 5 cm in length were reared in 1.5 liter of sea water with aeration containing 0.2 mCi of the radionuclide, and the soft parts of 3 individuals were selected on each day of measurement.
In case of alga (Cyrtymenia sp.), about 4 g was reared for each of the radionuclides, a portion of this was taken on the day of measurement.
The organism samples were washed for 2 minutes in fresh sea water, the sea water on the surface was removed by blotting with filter paper. Then the sample was placed in a polyethylene test tube, measured with a well-type scintillation counter and expressed in cpm/g. The radioactivity of bivalve is the mean value of 3 individuals and the spread of indications of radioactivities was around 24% with respect to the mean value.
In experiment 2, the sediment was sieved immediately after sampling on the sea shore and the 0.1-0.5 mm diameter portions were collected and used. 100 g of sediment and 300 ml of sea water were placed in a 1 liter polyethylene bottle and each nuclide (0.2-1 mCi) was added separately, then the bottles were shaken horizontally for a week while aerating at a rate of 100 times per minute to obtain contaminated sediment as the substance for providing radioactivity.
After the procedure, the supernatant in each bottle was discarded and the sediment was washed 3 times by decantation with fresh sea water.
Then three 3 g-lots of contaminated sediment were taken out of each bottle and the sea water was blotted off from the sediment with filter paper. Then the three lots were placed separately in polyethylene test tubes, weighed and their radioactivities were measured. The mean of these radioactivities was taken as the initial concentration of the sediment. The spread of indications of radioactivity was around 20% with respect to the mean value. Bivalve and alga were reared in square acrylic aquarium with aeration containing 800 ml of sea water and 80 g of the contaminated sediment treated as described above. The transfer ratios were obtained by dividing the radioactivities in organisms on the days of measurement by the initial concentration of the contaminated sediment.
The sea water of the rearing system was replaced with fresh sea water every day.
In this study, rearing systems were kept at 18±2°C. RESULTS AND DISCUSSION Experiment 1. Accumulation from sea water The accumulations of radionuclides by soft part of bivalve are shown in Fig. 1 . The concentration factor (CF) of "'Cs was 6 for muscle, 7 for visceral organ and 7 for whole edible part and they were similar Experiment 2. Transfer from sediment The patterns of accumulation by Gomphina melanaegis and Cyrtymenia sp. from contaminated sediment are shown in Fig. 3 . The uptakes of "'Cs by both species showed that the highest levels in the initial 1 or 2 days after the beginning of the exposure and then the levels were gradually reduced. On the other hand, the levels of 106Ru-106Rh in the organisms gradually increased and reached nearly steady state after 12 day exposure.
In order to compare the accumulation of radionuclides from sediment with that from sea water, the concentration factor was divided by the transfer ratio from sedi ment as shown in the last column of Table 1 . The highest transfer ratio in 1-2 days was used for the calculation on "'Cs to estimate the largest contribution of sediment to the accumulation of radionuclide by organisms. Thus, the figures which we call the biological factor of the sediments (BFS) were obtained.
The figures were com parable to those for annelid worm (40 on 137Cs and 1000 on 106Ru-11M) in our previous report". From these figures, it is evident that sea water dominates 1 or 2 orders of magnitude over sediment on the accumulation of 11 Cs by marine organisms and 3 orders of magnitude in case of 106Ru-106Rh. As described in our previous reports', BFS was varied by the experimental condition (sediment/sea water ratio), and the sediment/sea water ratio (1 : 10) in this study corresponds to shallow sea with about 0.4 m depth assuming that the specific gravity of the sediment is 2 and surface 2 cm20,21> of sediment adsorb radionuclides in sea water. Accordingly, these figures indicate substantially the largest influences of sediment on the accumulation of radionuclides by organisms.
Described above, the influence of sediment is small in general on the contamina tion of marine organisms in comparison with that of sea water, and the main route is sea water-organisms in accordance with concentration factors and sediment-organisms is a secondary route, considering the route by which radionuclides released in sea water reaches the human being via marine organisms.
However, the contamination of marine organisms due to the contaminated sediment can be observed even at the present time.',"' Therefore, the radioactive contamination of sediments would probably become serious in the future because of the large radionuclide accumulation ability of sediment. Table 1 Accumulation of 106Ru-106Rh and 137Cs by alga and bivalve from sea water and sediments * The data of Neresis japonica were cited from previous report') as the reference .
